Twenty four hour intragastric acidity analysis for the future Studies of 24 hour intragastric acidity have been useful in the investigation of effects of diet,' 2 and drugs on gastric acidity in ulcer patients 3 and normal volunteers.14-17 Indeed, such studies now seem mandatory in the development of new antisecretory drugs.13 [17] [18] [19] The obvious advantage of the technique is that acidity is measured during relatively long periods of time under conditions which approximate to daily living. These conditions are easily reproduced and thus comparative studies are possible. The technique is labour intensive, however, and has some disadvantages. During the day only acidity is measured, as it is not possible to assess the volume of gastric secretion. Duodenogastric reflux almost certainly occurs, but cannot be estimated. Complete collections of gastric juice are sometimes made at night, to allow assessment of nocturnal secretion. Nocturnal acidity assessed in this way, however, poorly reflects 'real life' acidity because of continual aspiration of 21 Although one may question the relevance of the measurement of 24 hour intragastric acidity to clinical management, useful pharmacological comparisons between doses and drugs can be made. It has even been suggested that studies of nocturnal gastric acidity might identify those patients who respond poorly to H2-receptor antagonists. 2 When drugs are used in the longer term, knowledge of the 24 hour acidity profile might alert one to potential problems related to hypoacidity such as bacterial colonisation and hypergastrinaemia (which could be predicted with [24] [25] [26] nists.
Although 24 hour gastric acidity measurement has generally been considered useful, different methods have been used to analyse these data and there has been no universally accepted method. With an increasing interest in the use of the technique, the time has probably come to unify the analyses and thus allow worthwhile between study comparisons to be made.
Assessment of gastric acidity

INDIVIDUALS
In most studies gastric contents are aspirated through a nasogastric tube and the pH of each sample measured in vitro using a suitably calibrated glass electrode. In some more recent investigations pH has been measured continuously in vivo by intragastric electrode,17 27 28 Gastric acidity can therefore be described as pH or as hydrogen ion activity expressed in mmol/l calculated back from the formula: pH = 1/log H+ x 1000 The existence of these two acidity measures has resulted in the first of the unresolved problems of analysis. Although pH is convenient and well recognised, the logarithmic relationship is frequently ignored and linear plots of pH give distorted representations of acidity which can impede proper interpretation. Figure 1 shows a 24 hour acidity profile from a patient with a duodenal ulcer taking placebo (from 7). The same data are shown as pH and as H+ activity on a linear scale: although the general pattern of acidity is similar no point coincides. The fluctuations of acidity are best shown by H+ activity when acidity is high and are exaggerated by pH at low acidity. Hydrogen ion activity is effectively unmeasurable above pH 5 0 (0.01 mmol/l) and therefore poorly reflects changes of acidity above this level. The impact of these two different methods of describing acidity becomes clearer when an attempt is made to consider a number of data points together. Using the data in Figure 1 , mean 24 h pH is 1 67 and mean 24 h H+ activity 34-7 mmol/l. These two, commonly quoted, values should be equivalent as they are derived from the same data, but they differ bv nearly 40% if the mean pH is converted to H+ activity (pH 1 67=21 3 mmol/l). There is serious potential for confusion if comparisons are made between studies using these two methods of analysis. Further confusion arises where gastric juice is titrated to calculate hydrogen ion concentration.
GROUPS
Studies on individuals are rarely acceptable and experiments are generally done on groups, which introduces the problem of how to combine data from different subjects. There are three broad choices: all the individual data, or mean data (arithmetic or geometric), or median data can be shown. Where individual observations are not used, the range of observations can be shown as standard deviation, standard error or as a specified percentile range. Quantitative differences are seen when means or medians are used, but qualitatively the variations are usually small provided data are not notably skewed. Figures 2 and 3 show data from 10 duodenal ulcer patients receiving placebo and ranitidine 150 mg twice daily (from 7). The overall impression of drug effect is similar in either plot but substantial differences are seen (particularly during the night). These may have implications for comparisons with other agents, other studies, for marketing purposes and possibly for choice of 'appropriate' dosage.
Until recently means and sta'ndard errors have usually been published, but this is wrong. There is a strong statistical argument in favour of the use of medians and ranges, because 24 hour acidity data is rarely normally distributed either as pH or H+ activity. If a plot of all the measurements used above is made, it is clear that the data are skewed (Fig. 4) . The degree of 'skewness' can be calculated29 but is easily visualised in frequency distribution plots (Fig. 4) . If H+ activity values are shown they too are skewed towards zero with ranitidine and towards high levels with placebo. The use of medians and ranges is more appropriate mathematically for these data. A single 'wild' pH measurement of 1 OO (100 mmol/l) will greatly weight the mean of nine other values of pH 3-00 (1.0 mmol/l) but will not alter the median value. It is also important to look closely at the ranges rather than to follow the line of the median or mean. For example in Figure 3 , ranitidine use decreased median acidity to zero between 0200 and 0700, but the range shows that there were at least some patients with substantial acidity. The span of the ranges shown should be adjusted in line with the size of the sample. It should be large with data from a small number of subjects while the minimum interquartile range would suffice for larger groups. In Figure 3 the range covers 80% .of the measurements showing data between the 10th and 90th centiles. By contrast, in the arithmetic mean graph (Fig. 2) there is minimal difference between analyses (Fig. 6 ). Where inhibition of acidity generally results in pH values above 5 0, conversion to hydrogen ion activity becomes meaningless because of the logarithmic relationship. Nevertheless, changes in pH above this level might be considered clinically or pharmacologically important. Frequency distribution curves of pH (Fig.  7 ) enable such differences to be shown and offer reasonable additional information in publications.
SIGNIFICANCE TESTING
Where data are not normally distributed, parametric statistics are inappropriate. The hourly measurements are also related to each other rather than being independent measures and statistical comparisons from hour to hour are therefore also incorrect.31 Generally, significance testing has been applied to overall 24 hour values using individual differences or to differences in area under the curve by parametric tests. Paired Student's t tests are even more inappropriate because more than one comparison is often made. Residual variance assessed by analysis of variance for significance testing can help, but these parametric methods should probably be replaced by non-parametric tests. The Wilcoxson's signed rank test is simple to apply and will satisfactorily allow between group comparisons when there are only two, but non-parametric analysis of variance should be used when more comparisons are made (Friedman or Kruskal-Wallis).32 As these tests all require the formation of individual 24 hour values any time related difference is obscured. To circumvent this problem it is reasonable to split the 24 hour period into logical predetermined sections which depend on the aims of the study. For example, if the aim of the investigation were to assess the duration of drug effect it would be reasonable to separate the study into pre-and postadministration periods which could be analysed separately. If this manoeuvre is done, however, the level at which 'significance' is accepted should be adjusted to take account of multiple significance testing. If 
